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Summary
Objective: Little has been reported on changes in health status in patients with osteoarthritis (OA) while waiting for hip or knee replacement
surgery. In this study we assessed (1) changes in self-reported pain, stiffness and physical function in patients with OA of the hip or knee, from
the decision to undergo surgery to 14 days prior to surgery, and (2) the determinants of these changes.
Methods: Among 353 baseline respondents, 170 waited >30 days for surgery, completed the Western Ontario and McMaster Universities
Arthritis Index (WOMAC) before surgery and were included in the analysis of changes; 120 with OA of the hip and 50 of the knee. We analyzed
changes in WOMAC scores using the paired t test and determinants of the changes using multiple linear regression.
Results: Patients with OA of the hip did not change on any WOMAC scale before surgery. Knee patients deteriorated with time on the
WOMAC stiffness and total scales, but not on the pain or physical function subscales. In both patient categories, higher baseline WOMAC
scores were associated with smaller changes on all subscales and the total score, and female sex was associated with deterioration on
the pain subscale.
Conclusions: Patients with OA of the hip reported no change in pain, stiffness or physical function while waiting for joint replacement surgery,
whereas patients with OA of the knee deteriorated on the stiffness and total scales of the WOMAC. This suggests a difference in patient
selection, referral pattern or disease development between the patient categories.
ª 2007 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.






Osteoarthritis (OA) of the hip and knee are prevalent
musculoskeletal complaints worldwide, affecting 7.5e50%
of the population above 65 years1,2. Patients with OA ex-
perience increasing pain and progressive loss of function,
particularly in walking and stair climbing1,3. Joint replace-
ment surgery of the hip or knee is a commonly used, effec-
tive intervention for severe OA4. The decision to proceed
with joint replacement surgery is based on radiographical
ﬁndings, physical examination of the joint, and the patient’s
subjective symptoms5,6.
In many countries, patients with OA experience a period
of waiting for joint replacement surgery after the decision to
operate has been made6e16. The waiting time varies from
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Received 13 July 2006; revision accepted 21 January 2007.8hospital to hospital within a country, but also between phy-
sicians in the same unit10,14. The length of waiting before
surgery does not always commensurate with the severity
of patients’ self-report of their conditions5,6,17. Many, but
not all patients deteriorate on a surgical waiting list, hence
it has been suggested that waiting list should be continu-
ously reviewed18.
Only a few studies have reported on changes in patient-
reported outcomes in patients with OA waiting for lower-
limb joint replacement surgery, and the ﬁndings are
conﬂicting. One study reported that patients’ health status
scores deteriorate while waiting for hip joint replacement
surgery13. In contrast, another study found that pain and
functional disability do not worsen in the waiting time be-
fore hip or knee replacement surgery11. Studies of determi-
nants of health status at entry to the waiting list for hip or
knee replacement surgery have reported female sex, high
body mass index, and low socioeconomic status to be
associated with worse pain and physical function10,13,19,20;
however, only a few studies have reported on determi-
nants of change in health status while waiting11,13. The37
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changes in self-reported pain, stiffness and physical func-
tion in patients with OA of the hip or knee while waiting for
total primary hip or knee replacement surgery. These
changes were assessed from the decision to undergo joint
replacement surgery was made until 14 days prior to sur-
gery. Finally, we assessed determinants of these changes.
Materials and methods
SUBJECTS AND STUDY DESIGN
The study was a prospective multi-center study in six
hospitals in three Norwegian counties. We included patients
>18 years old, who were accepted to the waiting list for
primary hip or knee joint replacement surgery and had sat-
isfactory proﬁciency of the Norwegian language. Between
June 2003 and June 2004, 503 patients were invited, and
353 (70%) accepted to participate and responded at
baseline.
In each participating hospital a project contact in the
orthopedic unit identiﬁed patients fulﬁlling the inclusion cri-
teria. All participants responded to a package of question-
naires at (1) acceptance to the waiting list for surgery, and
(2) 2 weeks before scheduled surgery. At baseline, we
mailed the questionnaire to the subjects shortly after an am-
bulatory visit. Patients who had waited for surgery >30
days, received the same postal questionnaire again about
2 weeks before scheduled surgery. Because this study
focused on changes in pain, stiffness and physical function
during the waiting period, we wanted a minimum observa-
tion period of 30 days to enable a measurable change to
occur11. The waiting time was calculated from acceptance
to the waiting list to the day of surgery.
Among the 353 baseline respondents, 179 received
questionnaires 2 weeks before surgery, of whom 170
responded and were included in the analysis of changes;
120 with OA of the hip and 50 with OA of the knee
(Fig. 1). We excluded baseline respondents who had sur-
gery within 30 days (N¼ 56) as in a previous study11,
were not scheduled for surgery (N¼ 6), refused surgery
(N¼ 3), selected another hospital (N¼ 1), or participated
in a project without waiting (N¼ 2). In addition, many base-
line respondents dropped out of the study because they
responded late at baseline, not leaving any time between
the baseline and pre-surgical assessments (N¼ 74), or be-
cause of delay in communication between the hospital and
the project coordinator about the date set for joint replace-
ment surgery (N¼ 32).
The Regional Committee for Medical Research Ethics
and the Norwegian Social Science Data Services approved
the study.
QUESTIONNAIRES
The baseline questionnaire contained items about demo-
graphics (sex, age, marital status, education, employment),
comorbidity, hip or knee pain duration prior to surgery, and
a disease-speciﬁc health status questionnaire, the Western
Ontario and McMaster Universities Osteoarthritis Index
(WOMAC)21,22. All the patients also ﬁlled in the WOMAC
2 weeks before surgery.
The WOMAC is a three-dimensional, disease-speciﬁc
and self-administered health status questionnaire, which
is commonly used in OA outcomes research21,22. We
used the Likert scale version 3.1, which contains 24 items
for rating symptoms and functional impairments with ﬁveresponse categories (0¼ none, 1¼mild, 2¼moderate,
3¼ severe, 4¼ extreme). The WOMAC items are aggre-
gated into three subscales: pain (ﬁve items), stiffness (two
items) and overall physical function (17 items). The three
WOMAC subscales can be analyzed separately and aggre-
gated into a total score22.
We calculated dimension scores as the mean of the item
scores in each dimension and the total score as the sum of
the three dimension scores. Finally, all subscales and the
total score were recoded to 0e10 scales to facilitate inter-
pretation, where 10 represent maximal problems and 0 no
problems23. The WOMAC is valid, reliable and sufﬁciently
sensitive to detect clinically important changes following
interventions22. Previous studies have suggested that
a change of 10% on a WOMAC subscale indicates a mini-
mal clinically important difference (MCID)24,25.
STATISTICAL ANALYSIS
Descriptive statistics are presented using the mean
(standard deviation, SD), median (range or interquartile
range) or percentages, and groups were compared using
the t test or chi-square test. Internal consistency reliability
for the WOMAC scales at baseline was assessed using
Cronbach’s coefﬁcient alpha26. The paired t test was
used to analyze changes in pain, stiffness, and overall
physical function between baseline and 2 weeks before
joint replacement surgery. Change was deﬁned as score
2 weeks before surgery minus the baseline score. We
used multiple linear regression analysis to investigate de-
terminants of changes in the three WOMAC subscale
150 refused to participate 
174 dropped out of the study:
74 late response (>30 days) 
32 delay or change date for surgery
56 early surgery (≤30 days)
6 were not scheduled for surgery 
3 refused surgery 
2 participated in a hospital project 
1 selected hospital outside the area.














170 participants for analysis:
120 hip 
50 knee
Fig. 1. Patient ﬂow through the project Table I.
839Osteoarthritis and Cartilage Vol. 15, No. 7and total scores. As independent variables in the analyses
we used age, sex, marital status, waiting time and baseline
WOMAC subscale scores. The selected variables were
chosen based on information from previous studies and
availability in the present study10,11,13,19,20,27. Because of
limitations in the sample size, we limited the number of
variables in the multivariate models to a maximum of 12
for hip patients (N¼ 120) and ﬁve for knee patients
(N¼ 50). Even though there was some skewness in the
distribution of the change scores, we did not consider
this a marked deviation from normality. We veriﬁed the re-
gression models for validity of assumptions of normality
and linearity. Data were analyzed using SPSS for




Patients with OA of the hip that responded both at base-
line and 2 weeks before surgery were younger than those
who dropped out after baseline (P¼ 0.003), and conse-
quently a smaller proportion of completers were retired
(Table I). Other baseline characteristics were similar for
hip patients completing questionnaires on both assess-
ments (N¼ 120) and dropouts (N¼ 130) (Table I). Among
patients with OA of the knee, baseline characteristic weresimilar for completers (N¼ 50) and dropouts (N¼ 53)
(Table I).
Among the invited 356 hip patients the completing pa-
tients (n¼ 120) were younger than the total of baseline
non-participants and dropouts (n¼ 236) with mean age 68
(SD 10) and 72 (SD 9) years, respectively (P< 0.001).
The number of women was 84 (70%) and 168 (71%) among
completers and non-participants, respectively. Among the
147 knee patients there was no difference in age between
completing patients (N¼ 50) and eligible non-participants
(N¼ 97), with mean age 69 (SD 9) and 71 (SD 8) years, re-
spectively (P¼ 0.30). Similarly, the number of women was
40 (80%) and 67 (69%), respectively (P¼ 0.20).
ThepatientswithOAof thehip hadamedianwaiting timeof
71 (range 31 to 362) days, while the median waiting time for
patients with OA of the knee was 102 (range 33 to 322) days.
Assessment of internal consistency reliability at baseline
in our total sample of patients with OA of the hip or knee
(n¼ 353) suggested an acceptable internal consistency of
all scales, with Cronbach’s alpha of 0.79, 0.71, 0.93, and
0.94 for the WOMAC subscales, pain, stiffness, physical
function and total score, respectively.
CHANGE IN PAIN, STIFFNESS AND PHYSICAL FUNCTION
Patients waiting for hip replacement surgery showed no
change in self-reported pain, stiffness and physical function
as assessed with the WOMAC from acceptance to the wait-
ing list to 2 weeks prior to surgery (Table II). Patients waitingTable I
Patient characteristics for respondents included in the analysis and dropouts after baseline response, mean (SD) unless otherwise stated
Hip replacement P-value Knee replacement P-value
Respondents Dropouts Respondents Dropouts
N 120 130 50 53
Female sex, number (%) 84 (70) 94 (72) 0.78 40 (80) 38 (72) 0.37
Age, years 67.4 (9.9) 71.0 (9.1) 0.003 69.2 (9.1) 70.4 (7.8) 0.48
Marital status, number (%) 0.09 0.24
Married 86 (72) 80 (62) 32 (62) 29 (55)
Unmarried 7 (6) 4 (3) 4 (8) 1 (2)
Separated/divorced 13 (11) 17 (13) 4 (8) 8 (15)
Widowed 14 (12) 29 (22) 10 (20) 15 (28)
Employment, number (%) 0.003 0.28
Retired 67 (56) 91 (71) 30 (60) 33 (62)
Disability pension 13 (11) 16 (12) 9 (18) 15 (28)
Sick leave 10 (8) 12 (9) 2 (4) 1 (2)
Full or part time employed 30 (25) 10 (8) 9 (18) 4 (8)
Educational level, number (%) 0.90 0.32
Primary school 30 (25) 36 (28) 23 (46) 15 (29)
Secondary school 51 (43) 53 (41) 19 (38) 23 (45)
University <4 years 20 (17) 23 (18) 4 (8) 8 (16)
University 4 years 18 (15) 16 (13) 4 (8) 5 (10)
Comorbidity, number (%) (N¼ 97) (N¼ 113) (N¼ 45) (N¼ 49)
Cardiovascular 23 (24) 19 (17) 0.23 9 (20) 17 (35) 0.17
Pulmonary 11 (11) 17 (15) 0.54 4 (9) 9 (18) 0.24
Diabetes 3 (3) 5 (4) 0.73 8 (18) 5 (10) 0.37
Cancer 14 (14) 13 (12) 0.54 6 (13) 4 (8) 0.51
Skin diseases 12 (12) 11 (10) 0.66 5 (11) 12 (22) 0.11
Gastrointestinal 18 (19) 13 (12) 0.17 7 (16) 10 (20) 0.60
Psychiatric 8 (8) 13 (12) 0.50 6 (13) 4 (8) 0.51
Other 16 (17) 17 (15) 0.85 7 (16) 9 (18) 0.79
Pain prior to surgery, years 6.3 (6.0)* 6.3 (7.1)y 0.97 11.4 (11.7)z 10.4 (9.6)x 0.63
Waiting time (days), median (IQR) 71 (57, 99) 36 (27, 54) <0.001 102 (69, 132) 38 (25, 62) <0.001
IQR¼ Interquartile range. *N¼ 109, yN¼ 114, zN¼ 47, xN¼ 49.
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WOMAC subscale and total score at baseline and 2 weeks before scheduled surgery on a 0e10 scale where higher score indicates more
‘‘problem’’. Mean (SD)
Hip replacement (N¼ 119) Knee replacement (N¼ 50)
Baseline Before surgery Change P-value Baseline Before surgery Change P-value
Pain 5.2 (1.7) 5.4 (1.6) 0.2 (1.2)* 0.40 5.5 (1.6) 5.5 (1.3) 0.1 (1.1) 0.62
Stiffness 6.1 (1.8) 6.1 (1.8) 0.0 (1.8)y 0.70 5.9 (1.7) 6.2 (1.4) 0.3 (1.6) 0.15
Physical function 5.5 (1.5) 5.6 (1.7) 0.1 (0.9) 0.35 5.1 (1.5) 5.4 (1.4) 0.3 (0.9) 0.03
Total 5.6 (1.4) 5.7 (1.4) 0.1 (1.1)z 0.59 5.5 (1.3) 5.7 (1.1) 0.2 (0.9) 0.16
*N¼ 117; yN¼ 118; zN¼ 116.for knee replacement surgery, deteriorated on the physical
function subscale of the WOMAC (P¼ 0.03) and showed
a non-signiﬁcant tendency to deterioration on the pain, stiff-
ness and total scales (Table II).
When classifying the patients’ changes according to the
reported MCID of 10% on the WOMAC scales, 38e76%
of the patients with OA of the hip or knee were classiﬁed
as unchanged on the various scales (Table III).
DETERMINANTS OF CHANGES IN PAIN, STIFFNESS, PHYSICAL
FUNCTION, AND TOTAL SCORE
In multiple linear regression analyses, increasing waiting
time showed no signiﬁcant statistical association with
change in health status for patients with OA of the hip on
any of the WOMAC scales (Table IV). Further, there was lit-
tle association of the change scores with age, sex or marital
status in the multivariate model, however, the changes were
associated with baseline scores (Table IV).
Among knee patients, increasing waiting time was asso-
ciated with deterioration on the stiffness and total scales of
the WOMAC after adjustment for other variables (Table V).
On the stiffness scale, married/cohabiting patients seemed
to do worse than single/widowed patients. Again the
change scores in all WOMAC dimensions were associated
with baseline scores (Table V).
Discussion
In the present study, patients with OA of the hip did not
change signiﬁcantly in pain, stiffness or physical function,
as assessed with the WOMAC scales, while waiting for
hip replacement surgery. In contrast, patients with OA of
the knee experienced deterioration on the physical function
scale, but not on the pain subscales, while there was a non-
signiﬁcant tendency to deterioration on the stiffness and
total scales of the WOMAC. However, the mean change
among knee patients on the physical function scale of 0.3
units was less than a change of 10%, which is commonly
considered a clinically important difference on the WOMAC
scales24,25. Moreover this change was about 0.2 SD, which
is less than the 0.5 SD frequently cited as an important
change with some other health status instruments.
Among subjects with OA of the hip or the knee, more
baseline symptoms, expressed as higher baseline WOMAC
scores, were associated with less deterioration with time on
all subscales and the total scale. Further, female sex was
associated with deterioration on the pain subscale among
patients waiting for hip or knee replacement.
Previous studies assessing the health status of patients
with OA waiting for surgery have been heterogeneous in
study designs, samples, analyses and presentations,limiting comparisons between studies8,9,11,13. For example,
they used different generic or condition-speciﬁc health sta-
tus instruments, different data collection modes such as
personal interviews or postal surveys, had variations in
the length of waiting before surgery, or pooled subjects
with different diagnoses such as OA of the hip or knee in
the analyses8,9.
The ﬁnding in the present study of no change in WOMAC
scores while waiting for hip replacement is in accordance
with some previous reports with similar or longer waiting
times8,11,14. However, ﬁndings vary considerably between
studies. For example in one study, WOMAC pain and physi-
cal function subscale scores of patients waiting for hip
replacement deteriorated while waiting13. In contrast, a com-
bined sample of patients with OA of the hip or knee did not
change in overall health status, but improved in some dimen-
sions of the 15D instrument while waiting for joint replace-
ment surgery9, and patients waiting for hip replacement
surgery improved on the WOMAC pain subscale6. In the
present study, patient with OA of the knee deteriorated in
physical function, and showed a tendency on the WOMAC
stiffness and total scales while waiting for surgery, in contrast
to patients with OA of the hip. In a similarly designed study,
there was no change in health status during the waiting
time for patients with OA of the hip or knee11. Further, our
study showed that patients with OA of the knee waited longer
for surgery and reported longer duration of pain before being
listed for surgery than patients with OA of the hip.
The different development in WOMAC scores of patients
with OA of the hip or knee, while waiting for surgery, might re-
ﬂect differences in the ‘‘natural history’’ of the diseases, i.e.,
that hip OA progresses faster than knee OA. This is also in
accordance with the fact that patients with OA of the knee
had suffered from pain longer when they were listed for
Table III
Patients classified according to change above/below MCID









Pain 117 32 (27) 63 (54) 22 (19)
Stiffness 118 35 (30) 45 (38) 38 (32)
Physical function 119 20 (17) 82 (69) 17 (14)
Total 116 19 (16) 81 (70) 16 (14)
Knee
Pain 50 11 (22) 28 (56) 11 (22)
Stiffness 50 16 (32) 21 (42) 13 (26)
Physical function 50 10 (20) 35 (70) 5 (10)
Total 50 9 (18) 38 (76) 3 (6)
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Determinants of changes in WOMAC subscale and total score while waiting for hip replacement*
WOMAC scale










Age (years) 0.002 (0.02, 0.02) 0.01 (0.04, 0.02) 0.01 (0.01, 0.02) 0.003 (0.02, 0.02)
Sex (0¼ female,
1¼male)




0.10 (0.57, 0.38) 0.21 (0.44, 0.87) 0.01 (0.41, 0.40) 0.08 (0.35, 0.51)
Waiting time (months) 0.04 (0.15, 0.07) 0.03 (0.19, 0.13) 0.01 (0.11, 0.09) 0.02 (0.12, 0.08)
Baseline WOMAC scores
Pain L0.35 (L0.48, e0.22)
Stiffness L0.52 (L0.68, e0.36)
Physical function L0.16 (L0.28, e0.04)
Total L0.33 (L0.46, e0.19)
Adjusted R 2 0.20 0.25 0.04 0.14
Bold denotes a statistically signiﬁcant result.
*Multiple linear regression analysis was used. Results are reported as unstandardized regression coefﬁcient (B) (95% conﬁdence intervals).surgery. Alternatively, there could be a difference in referral
pattern or selection for surgery between the two patient cat-
egories, though the interpretation is complicated by changes
in referral pattern over time. In Norway the annual volume of
primary knee prostheses increased with 200% from 1994 to
2004, while the volume of primary hip prostheses grew by
only 30%28. Some physicians may not be aware of these
changes and are still conservative in their referrals to sur-
gery. At the same time the selection of candidates for surgery
has changed, which complicates comparisons between
studies29,30. The criteria for who should be considered for
both hip and knee joint replacement tend to be consensus
based rather than evidence based15, and future research
might give more insight into who beneﬁts most from surgery
and the optimal timing of surgery.
The observed association between higher baseline
WOMAC scores and less deterioration with time on allsubscales and the total score for both hip and knee joint
replacement surgery can have several explanations. It can
be attributed to a ceiling effect of the scales, hence limiting
reporting of further deterioration, or be attributed to regres-
sion to the mean. Alternatively, this may be related to
response shift; patients with OA may adapt to the situation
and change their frame of reference on the scales31.
In the present study, women waiting for either hip or knee
joint replacement surgery faced a higher risk of intensiﬁed
pain than men, as previously reported in a combined sam-
ple of hip and knee patients11.
The larger deterioration of WOMAC stiffness scores
among knee patients who were married or living with part-
ners, was unexpected, and we have no apparent expla-
nation for this. It is possible that those living without
a partner get less help to activities of daily living and there-
fore are forced to be physically more active, which again isTable V
Determinants of changes in WOMAC subscale and total scores while waiting for knee replacement (N¼ 50)*
WOMAC scale










Age (years) 0.01 (0.04, 0.02) 0.04 (0.01, 0.08) 0.01 (0.04, 0.02) 0.01 (0.02, 0.03)




0.18 (0.37, 0.72) L0.83 (L1.43, L0.23) 0.10 (0.44, 0.64) 0.17 (0.59, 0.25)
Waiting time (months) 0.02 (0.15, 0.10) 0.34 (0.20, 0.48) 0.08 (0.04, 0.21) 0.14 (0.05, 0.24)
Baseline WOMAC scores
Pain L0.41 (L0.57, L0.26)
Stiffness L0.53 (L0.71, L0.35)
Physical function L0.22 (L0.39, L0.04)
Total L0.36 (L0.51, L0.26)
Adjusted R2 0.40 0.63 0.13 0.41
Bold denotes a statistically signiﬁcant result.
*Multiple linear regression analysis was used. Results are reported as unstandardized regression coefﬁcient (B) (95% conﬁdence intervals).
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supported in our data.
In the present study, patients with OA of the knee deteri-
orated more while waiting for surgery than did those with
OA of the hip. A clinical implication of this would be to in-
crease the efforts to improve and shorten the post-referral
process for patients with OA of the knee, which again could
reduce the patients’ suffering.
Several limitations of the present studymust be noted. The
sample size was limited, in particular the number of respon-
dents scheduled for knee replacement surgery, limiting the
statistical power of the study to detect differences. Another
limitation is that we did not have data on performance-based
functional status to complement our self-reported data and to
validate the WOMAC scores, though the WOMAC has been
validated in a large number of studies. The baseline response
rate was satisfactory, however the dropout rate was large be-
fore surgery. This can be attributed to the design with an in-
tention to assess the patients shortly before surgery
combined with logistical problems. However, except for
somewhat younger patients with OA of the hip, the sample
in the present study was reasonably representative of the to-
tal population of patients with OA scheduled for hip or knee
replacement surgery. Patients were recruited from the public
health care system, which in Norway is responsible for>90%
of the volume of hip and knee replacement surgery. In the
present study, the maximal waiting time for surgery was
about 12 months, which might limit generalization of the ﬁnd-
ings to other countries or setting with longer waiting time for
scheduled surgery.
In summary, this study showed that patients with OA of
the hip did not change signiﬁcantly in pain, stiffness or phys-
ical function while waiting for joint replacement surgery. In
contrast, patients with OA of the knee experienced deterio-
rations on the physical function scale of the WOMAC during
the waiting time. This could be attributed to differences in
the disease processes between OA of the hip and knee,
however, it may also be related to differences in patient
selection or timing of referral to surgery.
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